Abstract. The process of fruit juices production should be characterised by a high efficiency, while the final product should have a high content of soluble solids, low acidity and a high content of health-promoting components. Currently, screw presses are becoming increasingly popular especially on small farms and households. Their construction has a great impact on yield pressing and quality characteristics of juice. The primary objective of this study was to determine the effect of the press type on juice extraction efficiency and on the total amount of released polyphenols. The scope of the study included also the determination of the juice quality parameters such as the content of soluble solids, pH, viscosity and density. Apple fruits were pressed using two types of machines: a single-screw press and a twin gear juice extractor. Study results demonstrate that the pressing efficiency depends on the press construction. The highest yield of extraction was obtained for the twin-screw press. Under the experimental conditions, there was no influence of the press type on the quality properties of the juice, except for its viscosity. However, the quality characteristics of the juice depended on the apple variety. Higher contents of the extract and polyphenols were obtained in juice from the apple var. Jonagold juice and viscosity in juice from the apple var. Ligol juice. The use of the press offers the possibility of producing juices with desirable quality traits.
Introduction
A growing interest of consumers has recently been observed in health-promoting foods, which lower the risk of development of certain diseases and disorders [1] . One of the classes of chemical compounds with documented health-promoting properties are polyphenols [2] .In Europe, a common source of these compounds are apples. They are eaten either fresh or processed, mainly in the form of juices. In recent years, there has been an increase in the consumption of natural juices (NFC -not from concentrate), i.e. with a low degree of processing [3] . The technological process of apple juice production on the industrial scale includes washing, inspection, mashing, enzymatic liquefaction, extraction, thermal treatment, depectinisation, clarification, filtration, pasteurisation, and packing [4] .
Under industrial conditions, juices are produced with the pressing method mainly by using the horizontal rotary press, as well as belt and screw presses and with the help of centrifugal separation of juice from a continuous fruit mash stream. In this industry, great attention is paid to workers safety and health evaluation like in other agroindustry and agricultural sectors [5] [6] [7] . The method of pulp processing and the method of juice production as well as the parameters of these processes have a major influence on the efficiency and quality of the juice obtained [8] . The health-promoting value of apples is related among others to the content of polyphenols and soluble fractions of dietary fibre. Improperly selected production technology can significantly reduce the health-promoting value of juices. Today, juice producers, especially those operating on a small scale (orchardists, local entrepreneurs), specialize in the production of natural cloudy juices. Their processing does not involve enzymatic treatment of pulp, clarification and filtration, which allows for the preservation of a greater amount of pectins and polyphenols than in clear juices produced from the same raw material [9] .
The process of fruit juices production should be characterised by a high efficiency, and result in the final product with a high content of soluble solids, low acidity and a high content of healthpromoting components. Nowadays, screw presses are becoming increasingly popular especially on small farms (in which renewable energy can be used to supply energy [10] ) and in households. The construction of these presses has a great impact on the pressing yield and probably on the quality characteristics of juice. Currently, there are limited reports concerning the physico-chemical composition of apple juices processed by different extraction techniques.
The aim of this study was to determine the effect of the press type on juice extraction efficiency and the total amount of released polyphenols. The scope of the study included also the determination of the juice quality parameters such as the content of soluble solids, pH, viscosity and density. Fruits of apples of two varieties: Jonagold and Ligol, were pressed using two types of machines: a singlescrew press and a twin gear juice extractor.
Materials and methods
The research was conducted with applies ofLigol and Jonagold varieties purchased from the Rylex Group sp. z o.o. (Błędów, Poland). The tests were conducted on healthy fruits, without any mechanical damage. Prior to the tests, the fruits were washed, dried on blotting paper, and divided into portions of 200 g each. Two kinds of presses were used for juice extraction: a single-screw press (Zelmer, Poland) and a twin gear juice extractor (Green Star Elite 3000, Tribest). The extracted juice was collected in containers and stored in a cold place.
Pressing yield
For both presses, two types of pressing yield: pressing yield for raw juice (Y r ) and pressing yield for filtered juice (Y f ) were determined in accordance with the following formulas:
where Y r -pressing yield for raw juice m j -mass of raw juice m a -mass of apple
where Y f -pressing yield of juice after filtration m f -mass of filtrated juice m a -mass of apple
Total phenolic content
The total phenolic content was determined according to the FC method [11] . The absorbance was measured using a spectrophotometer (UV-1800 Shimadzu, Japan) at a wavelength of λ = 760. The results were expressed as mg gallic acid equivalent per 100 ml apple juice (mg GAE per 100 ml). Antioxidant activity (AA) Antioxidant activity (AA) of juices wasdetermined by the method of reduction of the synthetic 2.2-diphenyl-1-picrylhydrazyl (DPPH) radical and by spectrophotometric absorbance assay according to the modified method of Brand-Williams et al. [12] . The absorbance of the solutions was measured at a wavelength of λ = 517 nm. Degree of inhibition was calculated from the following formula:
where AA -antioxidant activity, % A c -control absorbance A s -sample absorbance Soluble solids content, juice acidity and density Soluble solids content in the juice was determined with a refractometric method (PN-90/A-75101/02), using an ATAGO PAL-3 refractometer (Atago, Tokyo, Japan). Juice acidity was determined with a pH-metric method (EN 1132: 1994), using a CP-411 pH-meter (Elmetron, Zabrze, Poland). Juice density was determined with the use of a pycnometric method at a temperature of 22 ºC, using distilled water as a model liquid.
Dynamic viscosity
The viscosity of juice was determined using a rotational type Brookfield Viscometer (Model LVDV-II Pro +, Brookfield Engineering Laboratories, USA). A juice sample of 16 ml was pouredinto a cylindrical chamber (ULA) and allowed to equilibrate at the desired temperature using a circulating water bath. The viscosity of apple juice was measured at a temperature of 22 ºC at 50 rpm.
Methods of statistical analysis
Statistical analysis of the data was performed with Statistica software (Statistica 12, StatSoft Inc., Tulsa, Okla., U.S.A.) using analysis of variance for factorial designs (ANOVA). The significance of differences was tested using the Tukey LSD test (p ≤ 0.05).
Results
The statistical analysis of the results revealed a statistically significant (p ≤ 0.05) effect of the press type on the yield of the pressing process. Generally, the juice extracted with the screw presses is characterized by a high content of pulp particles in comparison to the juice produced on basket or layer presses. Hence, the juice needs to be filtered before further processing. Under the conditions of the experiment, in the case of raw juice, juice pressing witha twin-screw press resulted in an increase of the process efficiency by approx. 22.5 % in comparison to a single screw press (Fig. 1) . However, in the case of filtered juice, an increase in the pressing yield was observed by approx. 63 %, if compared to a single screw press (Fig. 2) . The higher efficiency of pressing is due to a different and more effective way of fruit grinding in the two-screw press. The twin gear press (or the triturating juicer) crushes and grinds the material into very small particles (smaller than in the case of the singlescrew press). Also, the triturating extractor causes wider opening of the cell membranes and release of greater amounts of their deep-seated nutrients. There was no influence of varietal characteristics of the tested apples on the pressing yield. The conducted analyses showed no influence of the type of the press on the content of polyphenolic compounds in the extracted juices (Fig. 3) . The content of these compounds was affected only by the varietal characteristics of apples. This is consistent with the literature data [13; 14] : regardless of the type of the press used, the content of polyphenolic compounds in the apple juice from the Jonagold variety was by about 20 % higher compared to the juice from the Ligol variety. The antioxidant capacity is a very important quality characteristic of juices. The effect of pulp pre-treatment on the antioxidant power is presented in Fig. 4 . There was no influence of the type of the press on the antioxidant activity in the obtained juices.The content of polyphenols and their antioxidant activity can be a measure of the oxidation process and degradation of bioactive components during the extraction of fruit juices. According to Donaldson [18] , a very sensitive way to measure the extentof oxidation and degradation is also the activity of selected enzymes (alpha-amylase and peroxidase). Research carried out by Donaldson [18] showed a very similar enzymatic activity of juices obtained using a single and twin screw press. This observation confirms the high quality of juices obtained using both screw presses. The type of the press used did not affect the extract content in the analysed juices. However, the juice produced from the tested varieties was characterised by different soluble solids content. The extract content in apple juices pressed industrially in Poland is at the level of 11.0-12.4 ºBx [15] . The extract content in the obtained juices exceeded the value of 10°Bx, which indicates its suitability for juice production [16] .
Acidity is one of the most important criteria in assessing the suitability of fruit for juice production. The statistical analysis showed that the type of press used did not affect the acidity of the juices obtained. Generally, the acidity of juices is significantly affected by varietal characteristics and fruit vegetation conditions [17] . Juices made of the tested apple varieties were characterised by an average pH of 3.66 ± 0.09 on the pH scale. According to literature data, the pH of apple juice varies from 3.37 to 4.24 [17] (Fig. 5) . The raw juice immediately after pressing on the screw presses contains mechanical suspensions of various specific gravities formed from parts of tissues and cells. Although it contains many healthpromoting ingredients, the juice requires filtration even during producing of cloudy juices. After filtration, the density of the tested juice was a ta similar level regardless of the variety as well as the method of pressing and amounted to approximately 1037.7 ± 3.73 kgm The study results demonstrated the effect of varietal characteristics of apples on the viscosity of the juice obtained. Regardless of the press type, a higher viscosity was determined in the juice from the Ligol variety. The viscosity of the juices obtained depended on the press type ( Fig. 6) . Viscosity of apple juice from the Jonagoldvariety was higher by 12.9 %, when the juice was obtained by means of the twin-screw press compared to the juice from a single-screw press. In the case of Ligol juice, the difference was greaterand amounted to 19.4 %.The higher viscosity of the juice extracted with the twin-screw press can be caused by greater breaking down and release of soluble phytochemical ingredients from apples.
Conclusions
The study indicates that the pressing efficiency depends on the design of the press. The highest yield of extraction was obtained for the twin-screw press. Under the experimental conditions, there was no influence of the press type on the quality properties of the juices, except for their viscosity. However, the quality characteristics of the juice depended on the apple variety. Higher contents of the extract and polyphenols were obtained in Jonagold juice and higher viscosity in the case of Ligoljuice. The conducted research indicates the necessity of further research on the use of screw presses for the production of juices with health-promoting properties.
